Background Since the inception of resident work-hour regulations, there has been considerable concern regarding the influence of decreased work hours on graduate medical education. In particular, it is unclear whether implementation of work-hour restrictions has influenced resident academic performance as defined by quantity of peerreviewed publications while participating in graduate medical education. Questions/purposes We determined the impact of workhour changes on resident involvement in the number of published clinical studies, laboratory research, case reports, and review articles. Methods We conducted a PubMed literature search of 139 consecutive orthopaedic surgery residents (789 total resident-years) at one institution from academic years
Introduction
The Accreditation Council for Graduate Medical Education (ACGME) work-hour guidelines were established in 2002. Section 405 of the New York Public Health Code, publication of the Institute of Medicine report ''To Err Is Human'', and policies of the ACGME led to implementation of resident work-hour restrictions [12, 14, 16] . These restrictions limit the number of work hours to 80 hours weekly, overnight call frequency to no more than one every third day, 30-hour maximum continuous shifts, and a minimum of 10 hours off between shifts. Although these limits are voluntary, adherence has been mandated for the purposes of accreditation.
Since the inception of work-hour regulations, there has been considerable concern regarding the impact on graduate medical education. More specifically, there has been concern in orthopaedic surgery that residents may experience diminished opportunity to gain experience in the operating room and clinic. Baskies et al. reported the implementation of work-hour regulations did not considerably alter operative case logs of residents before and after restrictions at one academic, university-based residency program [4] . A survey study by Kusuma et al. found that although orthopaedic residents report an improved quality of life as a result of these new rules, residents had concerns regarding a decrease in the quality of training [13] . Respondents cited deficits in learning and training opportunities (24%), decreased continuity of care (16%), and a ''shift worker'' mentality (10%), as problems with their clinical program following work hour restrictions [13] . Their study revealed that although almost 50% of residents thought that work hour restrictions had benefited them personally, only 40% thought these restrictions had a positive impact on the residency program [13] .
Although operative and clinical experience are critical factors in determining successful resident education, exposure and opportunity for academic productivity during training remains a focus of many residency programs. Academic productivity can be measured by number of publications, and these publications often take substantial time and work to complete. However, it is uncertain whether implementation of work-hour restrictions has influenced resident academic performance as defined by peer-reviewed publications. Based on reduced clinical hours, we presumed residents would produce more publications per resident-year after the implementation of workhour rules.
Our primary study questions were: (1) Has the implementation of work-hour rules increased the number of published resident clinical studies, laboratory research, case reports, and review articles? (2) Does the postgraduate year (PGY) influence the number of publications before and after implementation of work-hour rules. (3) Do selected demographic variables influence the number of resident-authored publications?
Materials and Methods
We reviewed all 139 residents in the orthopaedic surgery residency program at the University of Pennsylvania from 1995 to 2009 (total of 789 resident-years). This is an academic-based orthopaedic surgery residency program that is 5 years in length with an elective resident research year option for two residents per year between the second and third years. This study met the University of Pennsylvania Institutional Review Board's exemption criteria given that all information already was published, publically available, or blinded to the investigators.
A power analysis revealed that for our primary outcomes of interest, number of publications, we would require 50 resident-years per group in each of two groups (before and after implementation of the work-hour rules) to detect a medium effect size between groups (standardized delta 0.50) with an alpha of 0.05 and a power of 0.80 [15] . Because number of peer-reviewed publications is sensitive to outliers, we performed a power calculation for probability of publishing an article in any given resident-year.
Each resident-year is considered either 1 or 0, so this method of assessment is not affected by outliers. With a similar tolerance to Type I and Type II errors (alpha of 0.05 and power of 0.80),we needed a total of 184 resident-years to detect a 15% difference in publication rate between groups before and after the work-hour rules were in place [15] .
Names of current and past residents of the University of Pennsylvania orthopaedic residency program from academic years 1995-1996 to 2008-2009 were obtained from the current residency coordinator. PubMed was searched for peer-reviewed publications for each resident. We chose to restrict our study to publications in peer-reviewed journals listed in Index Medicus. Each search involved the last name with the first initial. Each PubMed search had a time limitation of the subject's years in residency plus an additional 2 postgraduate years to accommodate for publication lag time after graduation. Citations were analyzed individually to verify the appropriate resident's authorship for a publication. Verification was based on the publishing institution information and crossreferencing senior authors as faculty members at the University of Pennsylvania. To ensure all publications that were completed during residency were included, we included publications if they could be linked to the resident's medical school through the same verification protocol. The number of indexed publications for each resident for each year was recorded along with type of publication (clinical series, laboratory research, review article, or case report) and if the resident was the first author. Individual resident demographics regarding gender, PGY in residency, medical school publications, and advanced degrees held by the subject (in addition to a medical degree) were assessed. Advanced degrees were defined as any Master's or Doctorate degree beyond a medical degree. To determine total number of publications, type of publication, and whether the resident was the first author, the 2003-2004 academic year was the first year considered ''postimplementation'' of work-hour changes. This allowed for the time needed to ensure improved compliance with the work-hour rules and to account for publication lag time. Demographics were similar between populations of residents before and after work hour restrictions. However, there were fewer females before work hour rules compared with after work hour rules (Table 1) .
Student's t-tests for independent samples with equal variances not assumed were used to assess differences between the pre-80-hour work week group and the post-80-hour work week group in terms of total publications and type of publication. To assess the probability that any given resident would publish in any given year, the chi square test with Yates' correction for continuity was used. To compare within PGY when there were less than five contacts per cell, a Fisher's exact test was used instead of the chi square test. Linear regression was used to determine the relationship between date of publication and publication rate. Results of publications and publication rate were graphed against time. Data analysis also was conducted after eliminating subjects who undertook a dedicated research year. Multiple binary logistic regression was used to eliminate confounding effects on publication productivity as a result of improved resident recruitment efforts, the presence of research-oriented residents, and gender.
Results
After postwork-hour restrictions were implemented, residents were 1.53 times more likely (95% CI, 1.08, 2.02; p = 0.006) to publish in a given year when compared with pre-80-hour work week, adjusted for gender, advanced degree, and whether the resident had articles published during medical school. The average number of publications per resident year increased for total articles (from 0.53 per resident-year to 0.95 per resident year; p \ 0.001), clinical series (from 0.28 to 0.50 per resident-year; p = 0.001), case reports (from 0.07 to 0.18 per resident-year; p = 0.002), and reviews (from 0.07 to 0.19 per residentyear; p \ 0.001) after implementation of work-hour limitations (Table 2 ). There was no difference in rate of publications per resident-year for basic science manuscripts. There was an increasing trend with time for total publications after work-hour restrictions (Fig. 1) , and an increasing trend for total publications per resident-year after work-hour restrictions (Fig. 2) . When analyzing all subjects, there was a greater probability (odds ratio, 1.54; p = 0.005) of publication in any given resident-year after work-hour rules than before. There was an increased rate of publications in which the resident was the first author (from 0.23 to 0.39 per resident-year; p = 0.006). Linear regression showed a linear trend for total number of publications or publications per resident/year with time (p \ 0.001 and 0.001, respectively). The linear trend between total publications and publications per resident remained consistent after eliminating patients who undertook the mandatory research year from the data analysis. The number of publications increased in each PGY after work-hour restrictions (Fig. 3) . However, when stratified by PGY, only PGY 1 and PGY 2 residents published peerreviewed articles at a higher rate (p = 0.009 and 0.013, respectively) after work-hour restrictions than before workhour restrictions (Table 3) .
When demographics were considered, a resident was more likely to publish in any given year if he or she held an advanced degree (odds ratio [OR], 2.3; p = 0.001) or had a medical school publication (OR, 1.14; p = 0.005). Gender was not a factor (p = 0.380) in odds of publication.
Discussion
Orthopaedic surgery training programs have gone through several transitions, including adaptation of new work-hour rules, increasing demands of clinical activity, and Fig. 1 There was a trend for an increase in total publications after work-hour restrictions. Fig. 2 There was a trend for an increase in total publications per resident year after work-hour restrictions. In this study, we defined resident academic performance by number of publications and sought to determine whether implementation of work-hour rules increased the numbers of published clinical studies, laboratory research, case reports, and review articles by residents. Secondarily, we attempted to examine whether PGY or demographic variables also influenced publications before and after implementation of work-hour restrictions.
There are inherent limitations in this study. First, we cannot account for actual time spent on academic pursuits by residents. Second, we do not know how many residents were involved in research studies or with papers that never were published. Third, we did not search the literature outside that indexed by PubMed and may be underestimating by 78% to 100% the total publications for each resident [17, 18] . Searches limited to PubMed have been used in other studies [5] [6] [7] [8] [9] [10] , and more importantly, we have no reason to suspect this method would selectively bias the findings toward one or the other groups in the study. Additionally, increased publications may have been influenced by other factors such as implementation of online submissions by many journals. Fourth, some residents complete their residency training at the same institution as where they attended medical school and often will start completing research projects that then are published after they start their residency. If a resident published a paper during the residency years and it could be traced to either their medical school or their residency, we included it so as not to miss any papers that were completed during residency; we included such papers in both groups for consistency. Fifth, some publications may have more than one resident as a coauthor, and we assumed this practice did not change during the study period. We found the number of first-author resident papers has increased since implementation of work-hour restrictions. Sixth, there have been changes in our institution's orthopaedic surgery program during the study period. There was a change in chairperson in 1997; however, the same chairperson was present for 12 of the 14 study years and the program director has remained unchanged during the past 12 years. There also have been changes in faculty members; however, every subspecialty of orthopaedics has remained staffed throughout the research period and there have not been changes in resident research requirements during the study period. Seventh, it is possible that an increased interest in resident publication has occurred during the past 6 years that is unrelated to work-hour regulations; however, we had no measure of interest for assessing this factor. Eighth, we defined academic performance in this study as number of publications; however, one could define academic performance by other measures, including in-training scores or the quality of research published as opposed to just numbers. Perhaps the quality of peer-reviewed publications has diminished; however, we are unable to assess quality based on level of evidence. It is our belief that some Level I or II studies may have less impact and be less ''quality'' than some Level III or even IV studies and this was not the specific goal of this study. Finally, this is an initial study that evaluates resident education at one urban, academic program. Previous studies of this kind also have been single-institution investigations [3-5, 9, 11] , and additional investigation is necessary to determine whether these changes are consistent across other programs.
We found that since implementation of work-hour restrictions, total resident publications and publications per resident-year have increased. To our knowledge, only one other study has specifically evaluated resident publication rates. Elliott and Lee trended general surgical resident research productivity during 16 years at one institution using methods similar to ours [9] . They did not specifically evaluate the effects of the 80-hour work week, but separated residents into an early group (1990) (1991) (1992) (1993) (1994) (1995) (1996) and a late group (1999) (2000) (2001) (2002) (2003) (2004) (2005) . They showed productivity at their single university-based program with elective research time did not appear to deteriorate with time and noted a nonsignificant trend toward increased productivity during the final few years of their study. In other studies of singleinstitution general surgery programs, investigators have observed improved scores on in-training examinations after implementation of work-hour restrictions and no substantial change in the number of procedures performed [3, 9] ; however, none of these studies examined publication rates.
When stratified by PGY, we observed a trend toward increased publications during the first and second PGYs after work-hour restrictions. Other studies have investigated the influence of work-hour restrictions on other facets of residency education and stratified data by PGY. Baskies et al. analyzed the operative logs of 109 consecutive orthopaedic surgery residents from 2000 through 2006 at New York University's orthopaedic resident program [4] . They determined that after implementation of work-hour policies, there was no difference in the operative volume for PGY 2, 3, or 4 residents, and there was an increase in the operative volume for PGY 5 residents. We propose that work-hour restrictions may grant more academic opportunity for junior residents who likely had limited time for such pursuits before the 80-hour work week. We observed no difference in publications when analyzed by postgraduate year and therefore believe residents further in their training (PGY 3 and higher) were less affected by work-hour restrictions.
Our data suggest residents who conducted research during medical school and have advanced degrees are more likely to publish manuscripts. After adjusting for these variables, we still found increased odds of a resident publishing a paper in any given year after implementation of work-hour regulations. Although a couple studies indicate that MD/PhD students have a strong interest in becoming clinician-scientists [1, 2] , to our knowledge, no study specifically evaluates medical school publications or advanced degrees as predictors of publications during residency.
Work-hour restrictions have generated considerable concern regarding orthopaedic resident education. We showed that work-hour restrictions may provide residents with additional time and/or opportunity to increase productivity in academic pursuits, specifically in generating peer-reviewed publications. Although our study indicates that since implementation of work-hour restrictions, resident publications have increased, more long-term evaluation of publications during the 80-hour work week is necessary to determine whether these improvements in publication rates will be sustained.
